Background. Cape Town is undergoing rapid urbanization. South African vital statistics have routinely been stratified by racial categories but intra-urban and peri-urban geographical variations have been neglected. Methods. To examine variations in infant mortality rates (IMR) and proportional infant mortality between urban, rural and informally settled areas, stratified by racial category, birth notifications and infant death certifications recorded by a large health authority were analysed. Results. The IMR per 1000 livebirths was as high for coloureds on rural farms (34, 95% confidence interval 29-40) as for blacks in informal settlements (35, 95% Cl : 32-37) and an exceptionally high IMR (60, 95% Cl : 43-82) was found for coloureds in informal settlements. Inequalities between racial categories (11 (95% Cl : 9-14) for whites, 19 (95% Cl : 18-21) for coloureds and 33 (95% Cl : 31-35) for blacks) were as expected from other South African studies. Of rural farm deaths, 22% were ascribed to ill-defined causes. Low birthweight was the most common defined cause of death in all areas except rural farm areas (14% ascribed to pneumonia), and gastro-enteritis was important in informally settled areas (18%). Conclusions. Routine mortality data are more informative if stratified by robust and readily available indicators of socioeconomic status such as residential area and racial category. Place of residence may distinguish risk strata as well as racial category, but the latter is helpful within socioeconomically heterogeneous residential areas.
The infant mortality rate is a key health indicator, reflecting most directly the prevalence of low birthweights, but also the degree of poverty of mothers and their infant children as well as their access to health care. 1 ' 2 In South Africa as a whole the IMR is reported to be 54 infant deaths for every 1000 livebirths. 3 To put this in perspective almost all the industrialized countries of Western Europe and North America have IMR of less than 10. 3 Between 1970 and 1991 most countries of the world, excluding those with the lowest income economies, saw their IMR halved. South Africa's fell from 79 to 54, which is still higher than most countries having similar gross domestic products per capita. 3 Health statistics in South Africa, including IMR, have routinely been presented racially, with separate rates calculated for racial categories as defined by the apartheid system. Wide variations between racial categories have been consistently reported, 4 " 6 as shown
With the abolition of apartheid there have been calls to eliminate racial classification in official statistics, and since 1992 the Births, Deaths and Marriages Registration Act no longer requires information on race or ethnicity to be recorded. 8 While perhaps politically desirable, this step may lead to the loss of a key social variable in routine data that is unlikely to be replaced. 9 In the US for example, routine recording of ethnicity data allows differences between ethnic groups regarding health status, access to health care, and levels of poverty, to be shown. 10 Urbanization in the Western Cape Province of South Africa has proceeded rapidly, as in other developing countries, but has been accelerated by recent political changes. The former government's racist pass laws attempted to prevent blacks from entering urban areas, and in the Western Cape Province this exclusion of blacks was compounded by a 'coloured (i.e. 'mixed race') labour preference policy'. Linked to this was a deliberate freezing of any housing development for blacks up to the 1980s. Consequently, informal settlements began to develop to house both the growing urban black population and an expanding number of migrants to the urban centres who escaped the influx control system. The abolition of influx control led to a rapid influx of blacks into the greater Cape Town area, with severely inadequate infrastructure. This led to the development of large informal settlements comprising shacks self-built on sites with or without shared toilets and taps. The public health consequences of urbanization on these informal settlements have been increasingly researched, but conditions of farm workers and their families in surrounding areas are less well understood.
The rapidly changing political geography of South African cities and their environs provides a window onto urbanization processes, of which infant mortality is a valuable indicator. While South African routine vital statistics for blacks are notoriously invalid and unreliable," an unusually active attempt by one health authority to obtain complete data provided an opportunity to investigate geographical and racial variations in infant mortality.
The Western Cape Regional Service Council (WCRSC) is a local authority serving a population of over one and a half million living in the outer suburbs of the Cape Metropolitan area and surrounding areas. This region is very heterogeneous, with wide variation in income and housing standards between areas. These range from the affluent areas with largely white populations, to poorer areas with largely coloured populations, to the large informal settlements with mainly black populations. Interspersed between these three main categories are rural farming areas and mixed areas where affluent whites live in close proximity to blacks living in informal settlements.
The aims of the study were to examine, in the WCRSC-served population, IMR variations between racial categories and between places of residence reflecting different degrees of urbanization, and geographical variations in proportional mortality.
METHODS
All livebirths and deaths in children under 1 year of age reported to the WCRSC for the 2 years ended 31 December 1992 and 1993 were captured in a database. Combined data from both years were analysed and reported together, unless otherwise stated. Birth data were obtained from birth registration and notification forms, and death data were obtained from death certificates and from notification records. Additional deaths were also ascertained by examination of mortuary records. Local evidence, drawing on the consistency of birth data with demographic patterns and parity information on the notification certificates, suggests that this process of using multiple data sources ensures more complete capture of vital events than occurs in other parts of the country. 9 This is supported by a study by the WCRSC Health Information Department confirming higher registration rates for births than found in the rest of South Africa. 9 Other variables recorded were local geographical area, based on the address given on the notification form, and racial category. The racial categories used were as defined by apartheid legislation, which did not necessarily reflect culturally-defined ethnicity. Their use in this study does not indicate any support for the legislation on the part of the authors. However the universal use of racial classification in official statistics under the former government, and the strong association between this classification and socioeconomic status, led the investigators to regard racial classification as a useful proxy variable for stratification of health risks. Births and deaths classified as 'Asian' were excluded from the stratified analysis because of their small number (82 births and no deaths for 1992 plus 1993) and because of practical difficulties in distinguishing Asian and coloured groups. 12 The local geographical areas were grouped into five strata, defined by the type of housing and density of population, and based on the knowledge of local health professionals. 'Urban formal' areas were densely populated with closely spaced, planned and serviced housing. 'Rural farming' areas were sparsely populated farming areas, while 'rural towns' were small villages discontinuous from the large urban areas of greater Cape Town, Paarl and Stellenbosch. 'Informal' settlements featured closely spaced shack housing. 'Mixed' areas were defined as areas in which between 20% and 80% of the population was estimated by the WCRSC Health Information Department to be housed in informal dwellings, using information from the 1991 national population census and from local environmental health officers.
IMR, with 95% confidence intervals based on a Poisson distribution, were calculated from these data. 13 Data from 1992 and 1993 were combined to increase precision. Confidence intervals for IMR differences between 1992 and 1993 were calculated using methods described by Smith and Morrow.
14 Because racial and residential categories were associated with each other and with IMR, data were directly and indirectly standardized, 13 using the total study population as the reference population providing, respectively, reference population distributions and rates.
The consistency of IMR estimates was examined by comparing 1992 and 1993 data. The validity of IMR To assess further the validity of IMR variations, proportional infant mortality (infant deaths as a proportion of total deaths) and prevalence at birth of low birthweight (<2500 g) were calculated, with total deaths at all ages and total livebirths as the respective denominators. A sensitivity analysis was performed to examine the robustness of IMR estimates with alternative methods of grouping smaller geographical units into larger categories. Large formal settlements situated on the periphery of the metropolis but falling under the same administrative health region as rural areas were reallocated from the 'urban formal' category, firstly to the 'rural town' category and, secondly, to the 'rural farm' category. These reallocations involved areas that were almost exclusively populated by coloured residents. IMR were then recalculated based on the different allocations.
RESULTS
Births, deaths of children under 1 year of age, and IMR, analysed by place of residence and racial category, are shown in Table 1 . The distribution of births starkly reflects racial segregation: most blacks live in informal settlements, and most whites and coloureds live in urban areas, with a substantial number of coloureds also living on farms and in rural towns. The highest IMR occurred among coloureds living in informal settlements and rural areas, and blacks living in informal settlements. The lowest rates occurred in whites and coloureds in urban areas, whose rates were similar. The IMR for blacks was similar in mixed areas and in informal settlements.
Residential categorization was generally robust. Sensitivity analysis produced similar results to those shown in Table 1 , with no significant IMR difference for any stratum.
Standardized mortality rates and standard mortality ratios are shown in Table 2 , and demonstrate different patterns. Direct standardization emphasized the relatively high IMR for urban informal areas and for coloureds. Indirect standardization showed that black and coloured mortality ratios were not significantly different when adjusted for residential category, and emphasized the high ratio for rural farm residents. Both methods resulted in low mortality rates and ratios for whites or urban formal residents. Confidence intervals were wider than for unstandardized rates, reflecting the large inter-stratum variation in rates and numbers of births.
The IMR estimates for 1993 were similar to those for 1992, especially for blacks. There was no significant difference between years for blacks (difference in IMR per 1000 = 0.2; 95% confidence intervals : -5.1-4.7) or whites (3.4, 95% CI: 1.9-8.6) but a significant increase for coloureds (3.4, 95% CI : 0.3-6.6).
The five leading causes of death, and the proportions of deaths with an ill-defined cause, are shown in Table 3 . More than a fifth of rural deaths were due to ill-defined causes. Low birthweight was the leading defined cause of death in all strata except rural farming areas. In informal and rural farming areas, gastroenteritis (18%, and 12%, respectively) and pneumonia (10% and 14%, respectively) were prominent, and in urban formal areas pneumonia (12%), congenital anomalies (7%) and perinatal infections (5%) were the next most common causes of death. In mixed areas, congenital anomalies (13%), pneumonia (9%) and gastroenteritis (10%) were prominent causes of death.
Coloured births were significantly more likely to be underweight than black and white births in most residential strata, and prevalences were especially high in informal, mixed and rural farm strata (Table 4) . Apart from this low birthweights had a similar distribution to IMR. The distribution of proportional infant mortality was also similar to that of IMR (Table 4) .
DISCUSSION
It is already recognized that IMR are lower in the Western Cape than in other parts of South Africa, are higher in rural than urban areas 415 and show marked racial disparities. 4 " 6 However this study, using data collected by one large health authority to examine intraand peri urban variations, is an advance on previous attempts to identify populations with greatest health needs. Yach el al. have stressed the need for research on health and urbanization to stratify populations so as to identify subgroups with the worst health. 16 Possible interventions include improvements in nutrition, housing, water supply, sanitation and primary health care; all of these are already covered by various governmental and non-governmental programmes which may be more effective if guided by epidemiological data. Stratification of vital statistics by residential categories that are locally and temporally more meaningful than a simple urban/rural dichotomy is useful, and is complemented by stratification by racial category. These findings are relevant to other developing countries experiencing rapid urbanization, and where socioeconomic and racial or ethnic variables are highly correlated.
This paper confirms that blacks living in informal settlements of the peri-urban areas of the Cape Metropole are relatively worse off than most other groups in the area, as indicated by a high IMR. Poor sanitation and crowding are likely to be leading reasons why gastroenteritis causes nearly a fifth of infant deaths in informal settlements. Blacks living in mixed areas appear to have comparable mortality to those in informal areas because their living conditions are similar in both areas. This is also evident in the mixed patterns of cause-specific deaths in mixed areas (both congenital anomalies and gastroenteritis featuring prominently), reflecting the heterogeneous makeup of the population and its health risks. Compared to results of other studies for the rest of the country, 4617 this study's IMR estimates for blacks appear to be lower, which may in part reflect the Western Cape's greater investment in primary care services, and generally better socioeconomic status.
The high prevalence of low weight births in all coloured strata, especially in informal settlements and rural farms, is a cause for concern, and could reflect poorer nutrition or other factors such as maternal tobacco or alcohol consumption which are not recorded routinely. The high IMR for coloureds living in informal settlements suggests that this subgroup is particularly deprived. This finding may reflect a selective socioeconomically downward 'drift' among a subgroup of coloureds into informal settlements, compared to a wider spectrum of blacks in informal settlements who have had less opportunity to live elsewhere. Epidemiological and ethnographic research into this subgroup may be revealing but has not to the authors' knowledge been published.
While the relatively poor health indicators of blacks living in peri-urban informal settlements around Cape Town have been documented before, 18 20 health problems of farm labourers' children in the Western Cape are less well-recognized. This study shows that coloureds living on farms within a radius of 50 km from the centre of Cape Town have a similarly poor indicator of health status, which may reflect similar degrees of poverty and/or similarly poor access to health care, but the relative contributions of poverty and health care to mortality are unclear. It has been shown elsewhere that the health problems of farm workers' children are severe, 21 that women living on farms use maternity services less than urban women, 22 and that labourers and their families living on commercial farms may experience poverty as severe as that prevailing in the former homelands. 23 Data on the nutritional status of school entrants 24 and perinatal mortality in the Cape province 25 ' 26 have shown that rural farming areas consistently show the worst health status indicators. A 1987 study of farm workers' children in Phillipi, a farming area 15 km from Cape Town, found that 47% were underweight for age (i.e. below the 5th centile on NCHS charts) and that mothers reported high childhood death rates. 27 These findings support the results of this study.
In this study the major contributions of low birthweight, gastroenteritis and pneumonia to rural infant deaths demonstrate the effect of rural poverty and malnutrition. The high percentage of rural deaths for which causes are ill-defined-which is much higher than for mixed or informal settlements-indicates poor rural access to health services. If deaths occur in rural areas with no doctors present, death certificates are completed by magistrates or the police. The recent extension of labour legislation to cover farm workers is an important step towards ameliorating the worst aspects of living and working on farms. 28 Special efforts should however be made to ensure that access to basic primary care services for farm dwellers is improved. 29 Routine vital statistics for black South Africans should be treated with scepticism, as numerous problems with their completeness and accuracy have been described. 9 "' 17 However, this study provides original evidence supporting the accuracy of IMR estimates based on careful use of routine data in this region. The reliability of the data is supported by the consistency of reported births and deaths for consecutive years. Validity is more difficult than reliability to determine and was examined from several perspectives. The validity of the IMR estimates for blacks in informal settlements (35 per 1000) is supported by its similarity to the result of a recent household interview survey in Khayelitsha, the largest black informal settlement in the area, which found the IMR for the period [1987] [1988] [1989] [1990] [1991] [1992] to be 30 per 1000 (personal communication, Dr J Moodley). The same survey found that 96% of births took place in hospitals or clinics, in which birth notification is rigorously practised. As birth registrations (the IMR denominator) are thus likely to be fairly complete in this population, the higher IMR based on routine data suggests that major underreporting of deaths (the numerator) does not occur. A similar household survey of rural infant mortality in the Western Cape would help evaluate the validity of rural routine vital statistics. The similar distributions of IMR, proportional infant mortality and low birthweight prevalences further support the validity of IMR variations. The high proportion of rural deaths with ill-defined causes, in a region with arguably the best vital statistics in the country, points to the need for more resources for health care and for vital statistics information systems.
Possible methodological problems should be considered. Racial categorization by personnel notifying births and certifying deaths may be inaccurate but, given the awareness of racial classification both by parents and by health personnel, substantial misclassification is unlikely, and non-differential misclassification would be expected to reduce apparent inequalities. Residential categories may also be misclassified, but the sensitivity analysis showed that this was unlikely to have caused serious bias. If these residential strata are used routinely in future, residential categorization should be done by people having thorough knowledge of local housing conditions, and to ensure reliability clear definitions of each stratum are necessary.
Standardization did not help distinguish between the relative effects on IMR of racial category and place of residence. Whereas standard mortality ratios suggested that black-coloured differences are less important than differences between place of residence, and that urban informal settlements do not have higher mortality than the total population, directly standardized rates suggested the opposite. Direct standardization may be inappropriate where rates vary widely across strata, and comparison of standard mortality ratios with each other may be inappropriate where population distributions vary widely. 13 In this setting, stratified rates, as in Table 1 , are thus more clearly interpretable than standardized rates and ratios.
For adequate precision of IMR estimates it remains necessary to aggregate data from smaller areas. However, from a public health perspective it is important that vital statistics are disaggregated as meaningfully as possible so as to allow comparisons and to target interventions. Two key variables in South Africa, at present and for the foreseeable future, are place of residence and racial category, which together reflect the political and economic histories of the respective populations. In this study large racial inequalities were shown within mixed, urban informal and rural farm strata. While other variables such as income, education or employment status may have greater explanatory power, they are not routinely available for individuals, and can thus only be obtained using special surveys, which will have limited population coverage and continuity over time. Ecological socioeconomic data from decennial censuses could be used to aggregate and stratify residential areas in ways that are relevant to urbanization processes, but the validity of census data, especially in predominantly black areas, is questionable, 9 and substantial changes between censuses would be expected in rapidly urbanizing areas.
This study shows that infant mortality differences between types of settlement may be as great as between racial categories, but the latter do contribute additional information within socially heterogeneous residential areas. As infant deaths, and especially those with infectious causes, are frequently amenable to health care interventions, IMR may be useful for health care resource allocation.
